The infrared multiphoton dissociation (IRMPD) of "neat" hexafluoroethane has been investigated for the first time.
Introduction
Thermodynamically, the most favourable dissociation pathway of C2F6 leads to the production of CF4 and :CF2. However, shock tube studiesl suggest that this pathway possesses a large energy barrier.
The next most favourable pathway is the result of C -C bond scission forming two .CF3 radicals. We report preliminary results of our study of the mechanism of IRMPD in C2F6 concentrating on the two most energetically feasible pathways (A and B). C2F6 was subjected to CO2 laser pulses -30 cm -1 to the low frequency side of the v5 absorption band.
Efficient IRMPD of C2F6 was found to occur at relatively low fluences. The major products of photolysis are CF4, C2F4 and C3F8.
A reaction mechanism involving the production of trifluoromethyl radicals followed by a previously unconsidered abstraction reaction and radical recombination reactions is presented.
It is shown that secondary photolysis of .CF3 radicals during the laser pulse is the source of C2F4.
Experimental apparatus and techniques
A Lumonics K -922S pulsed CO2 laser was used to irradiate 2 Torr samples of C2F6 in 10 -cm long, 2.5 -cm diameter Pyrex or Monel cells.
The CO2 laser pulse was focussed into the centre of a cell with a 25 cm focal length BaF2 lens. The focal fluence was calculated from the measured focal burn spot area and the pulse energy as measured on a Gentec model ED -500 Joulemeter.
The energy of the incident laser pulse was attenuated by a series of polyethylene sheets as necessary to obtain the desired pulse energy and fluence.
Before irradiation, all fluorocarbons were degassed and purified by bulb to bulb distillations. After irradiation the stable products were measured with a tunable diode laser spectrometer, utilising a Spectra Physics lead -salt diode capable of tuning between 1080 and 1280 cm -l.
Both direct absorption and second -harmonic detection of the products are possible using the system as depicted in Figure 1 . The general concepts and techniques of TDL absorption measurements for the detection of trace gases can be found in reference 2.
For direct measurement of absorbance, Beer's law (I =le exp calibration plots of absorption coefficient versus partial pressure of the absorbing gas were made.
In all cases, these plots were linear over the range of partial pressures involved in our studies. Second harmonic (2f) detection is used for high sensitivity work when measurement of less than 1% line centre absorption is required.
The TDL frequency is modulated at a few kHz by modulating the diode current.
Synchronous detection at twice the modulation frequency, using a lock -in amplifier, achieves a major reduction in background noise. Calibrations were done by comparison of the 2f signal of the photolysed sample with that of a cell containing a known amount of the fluorocarbon being measured. Transform Infrared (FTIR) and quadrupole mass spectrometry (where applicable) in addition to TDL detection. C2F4 was obtained from PCR of Florida; CF4, C3F8, and C2F6 were purchased from Matheson Gas Products of Canada Ltd.
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Efficient IRMPD of ^2^6 was ^ounc^ to occur at relatively low fluences. The major products of photolysis are CF^ , C 2 F^ and C-^Fg.
A reaction mechanism involving the production of tr i f luor ome thy 1 radicals followed by a previously unconsidered abstraction reaction and radical recombination reactions is presented.
It is shown that secondary photolysis of »CF^ radicals during the laser pulse is the source of C 2 F^.
Experimental apparatus and techniques
A Lumonics K-922S pulsed C0 2 laser was used to irradiate 2 Torr samples of C 2 F^ in 10-cm long, 2.5-cm diameter Pyrex or Monel cells.
The C0 2 laser pulse was focussed into the centre of a cell with a 25 cm focal length BaF 2 lens.
The focal fluence was calculated from the measured focal burn spot area and the pulse energy as measured on a Gentec model ED-500 Joulemeter.
The energy of the incident laser pulse was attenuated by a series of polyethylene sheets as necessary to obtain the desired pulse energy and fluence. Before irradiation, all f luorocarbons were degassed and purified by bulb to bulb distillations. After irradiation the stable products were measured with a tunable diode laser spectrometer^ utilising a Spectra Physics lead-salt diode capable of tuning between 1080 and 1280 cm" .
Both direct absorption and second-harmonic detection of the products are possible using the system as depicted in Figure 1 .
The general concepts and techniques of TDL absorption measurements for the detection of trace gases caji be found in reference 2. For direct measurement of absorbance, Beer's law (I=I Q exp a ) calibration plots of absorption coefficient versus partial pressure of the absorbing gas were made.
In all cases, these plots were linear over the range of partial pressures involved in our studies. Figure 2 illustrates absorption coefficient versus partial pressure of C 2 F^. Plots involving other fluorocarbon products are also linear over the range studied.
Second harmonic (2f) detection is used for high sensitivity work when measurement of less than 1% line centre absorption is required.
Synchronous detection at twice the modulation frequency, using a lock-in amplifier, achieves a major reduction in background noise. Calibrations were done by comparison of the 2f signal of the photolysed sample with that of a cell containing a known amount of the fluorocarbon being measured. Figure 3 shows typical second harmonic (2f) signals of hexaf luoroe thane , before and after photolysis, and of calibration samples for comparison.
Product identities were verified by Fourier Transform Infrared (FTIR) and quadrupole mass spectrometry (where applicable) in addition to TDL detection. c 2 F 4 was obtained from PCR of Florida; CF^, C^Fg, and C 2 F 6 were purchased from Matheson Gas Products of Canada Ltd. Absorption coefficient vs partial pressure C2F4 in C2F6, 2 Torr total pressure. Results and discussion In our work irradiation of "neat" hexafluoroethane samples using the 9R(30) or 9R(36) CO 2 laser lines leads to the production of CF4 and C2F4, along with C3F8.
The ratio CF4 /C2F4 varies from about 3 to 7 with irradiation frequency due to differing efficiency of secondary photolysis of C2F4 (unpublished work), but is relatively unaffected by a change in fluence from 5.3 to 13.4 J /cm2. 9R(36) is the more efficient pump frequency, and the CF4 yields are -3.75 fold those at 9R(30), while the C2F4 yield increases only -1.75 fold. Typical results are shown in Figures 4 and 5. Although these plots illustrate yields after many pulses, it should be noted that quantitative TDL absorption measurements of CF4 and C2F4 are possible after a single 13.4 J /cm2, 9R(36) pulse.
As perfluoropropane is a relatively large and heavy molecule, we have so far only observed it by FTIR analysis. The question arises as to how C3F8 is formed. The possibility exists that one of the products of IRMPD, CF3 or :CF2, is reacting with the parent C2F6.
To decide which (if either) of these species is responsible for the Yield of CF4, C2F4 vs number of pulses, 13.4 J/cm2, Pyrex cell. 600 production of perfluoropropane, each was produced in the presence of hexafluoroethane. To produce CF3 radicals a sample of 2 Torr of CF3I was irradiated in the presence of 2 Torr of C2F6 using the 9P(18) CO2 laser pump line. CF3I has been shown to undergo IRMPD3 resulting in the production of CF3 and .I. We postulate that the trifluoromethyl radical might abstract a fluorine atom from C2F6, forming CF4 and a pentafluoroethyl radical C2F5.
CF3I + by -> CF3 + I CF3 + C2F6 -> CF4 + C2F5
The pentafluoroethyl radical could then combine with another trifluoromethyl radical producing perfluoropropane.
CF3 + C2F5 -> C3F8
In the aforementioned experiment a small amount of CF4 along with a reduced amount of CF33I and an increased amount of C2F6 were observed in the FTIR spectrum after photolysis. Tfie anticipated amount of C3F8 was unfortunately too low to detect with certainty at the FTIR sensitivity employed. However, the presence of CF4 supports the above abstraction mechanism.
To determine whether :CF2 reacts with C2F6, 2 Torr of CDF3 was irradiated in the presence of 2 Torr of C2F6, using the 10R(14) CO2 laser pump line. Deuterofluoroform has been investigated by several groups as a potential molecule for laser isotope separation schemes (see reference 4). The primary IRMPD products have been shown to be :CF2 and DF. An FTIR spectrum after the above experiment reveals the presence of CZF4 (difluorocarbene recombination) as the only photolysis product.
Perfluoropropane should appear as a strong shoulder on a CDF33 absorption; however, none was observed.
Thus we believe that insertion of :CF2 into C2F6 is not the source of C3F8.
Trifluoromethyl radicals are known to undergo secondary photolysis within the CO2 laser pulse as noted by several authors including Kato et al.5 IRMPD of CF3 results in the production of :CF2 and F. Kato et al. deduced the dissociation probability of CF3 as a function of fluence from their data on IRMPD of C2F5H, and found that this probability decreased sharply below 3 J /cm2. If one assumes that the tetrafluoroethylene observed in the irradiation of "neat" C2F6 arises from the recombination of two :CF2 radicals, then a lowering of the irradiation fluence should eventually eliminate secondary photolysis and thus the production of C2F4.
To eliminate secondary dissociation of CF3, a 2 Torr sample of C2F6 was irradiated at a focal fluence of 1 J /cm2, using the 9R(36) CO2 laser pump line for 2000 and then 4000 pulses. Analysis after photolysis revealed the presence of CF4 and C3F8 as products, with no C2F4.
Thus it appears that the secondary photolysis of CF3 radicals has been CF^I has been shown to undergo 1RMPD 3 production of 'CF-a and !.
We postulate that the t r i f luo r ome thy 1 radical fluorine atom from C F , forming C F ^ and a pentafluoroethyl radical
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owever, the presence of CF^ supports the above abstraction To determine whether :CF reacts with^2^2 Torr of was irradiated in the presence of 2 Torr of C 2 F^, using the 10R(14) C0 2 laser pump line.
Deuterofluoroform has been investigated by several groups as a potential molecule for laser isotope separation schemes (see reference 4).
The primary IRMPD products have been shown to be :CF 2 and DF. An FTIR spectrum after the above experiment reveals the presence of Co F 4 (difluorocarbene recombination) as the only photolysis product.
Perfluoropropane should appear as a strong shoulder on a CDF 3 absorption; however, none was observed.
Thus we believe that insertion F/-is not the source of of :CF 2 into C 3 Fg.
Trif luoromethyl radicals are known to undergo secondary photolysis within the C0 2 laser pulse as noted by several authors including Kato et al. 5
IRMPD of 'CFo results in the production of : CF 2 and «F.
Kato et al. deduced the dissociation probability of *CF 3 as a function of fluence from their data on IRMPD of C 2 FcH, and found that this probability decreased sharply below 3 J/cm .
If one assumes that the te t raf luoroe thylene observed in the irradiation of "neat" C 2 F^ arises from the recombination of two :CF 2 radicals, then a lowering of the irradiation fluence should eventually eliminate secondary photolysis and thus the production of C 2 F^.
To eliminate secondary dissociation of »CF 3 , a 2 Torr sample of C 2 F^ was irradiated at a focal fluence of 1 J/cm 2 , using the 9R(36) C0 2 laser pump line for 2000 and then 4000 pulses. Analysis after photolysis revealed the presence of CF A and C^F^ as products, with radicals has been no C 2 F Analysis after photolysis revealed the presence of CF^ and .
Thus it ao pears that the secondary photolysis of -CF eliminated at 1 J/cm fluence. Since no :CF 2 radicals are formed at this low fluence, no Co F 4 is formed.
The CF^ produced at this low fluence must arise from the abstraction of a fluorine atom from the parent hexafluoroethane by a »CF 3 radical.
The resulting C 2 Fc radical then combines with a radical to form Experiments are currently being undertaken to observe directly the transient production of both CF3 and :CF2 using TDL detection.
This should shed further light on whether CF3 radicals are the primary dissociation products of IRMPD of C2F6, and on the fluence at which :CF2 is produced by secondary dissociation of CF3. This fluence should coincide with the fluence at which C2F4 starts being observed as a stable photolysis product.
Previous studies on IRMPD of C2F6 in the presence of scavengers have been carried out by Fisk6 and Arai et al. 7 In neither of these studies was the production of CF4 or C3Fg mentioned.
Presumably these stable products are not formed due to the removal of radical species by scavengers before they can take part in abstraction reactions with the parent hexafluoroethane.
In addition, Fisk postulated that vibrationally excited C2F6 might react with a hydrogen donor to form vibrationally excited pentafluoroethane which then eliminates HF and produces C2F4.
Our results indicate that C2F4 is formed by the association of two :CF2 radicals, alter their formation by secondary dissociation of trifluoromethyl radicals.
We propose that IRMPD of "neat" C2F6 leads to the production of CF4, C2F4 and C3F8 by (5) (6) Since reaction (2) is approximately thermoneutral, it is possible that one of the reactants is in an excited state.
Conclusion
We conclude that the primary pathway of IRMPD of C2F6 involves C -C bond scission yielding two CF3 radicals (B).
An abstraction reaction involving these trifluoromethyl radicals and the parent C2F6 is responsible for the production of CF4 and C3F8. At higher fluences secondary dissociation of trifluoromethyl radicals during the 602 laser pulse produces :CF2 which dimerizes to form C2F4.
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Since reaction (2) is approximately thermoneutral, it is possible that one of the reactants is in an excited state.
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